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INTRODUCTION
Despite the increase in the incidence of abdominal trauma
caused by traffic accidents, traumatic pancreatic injury is rel-
atively uncommon. Pancreatic injuries occur in only 0.2% to
4% of all abdominal injuries (1-5). However, morbidity and
mortality rates associated with injuries to the pancreas approach
40% and 19%, respectively (2), and these high rates are attri-
buted to difficulties with initial assessment, establishment of
diagnosis, and occasionally treatment. The spectrum of pan-
creatic injury is broad and ranges from simple contusion, frac-
ture, and laceration to complete disruption of the pancreatic
duct and parenchyma. Moreover, the diagnosis of blunt abdomi-
nal injuries, especially in cases of isolated pancreatic injury, can
be extremely difficult, because retroperitoneal lesions do not
have any specific symptoms. Another cause of elevated mor-
bidity and mortality is the missing or underestimation of pan-
creatic lesions during exploration of the abdomen. The purpose
of this study was to identify predictors of morbidity and mor-
tality in patients with traumatic pancreatic injuries.
MATERIALS AND METHODS
This was a retrospective study of the medical records of
75 consecutive patients with a pancreatic injury who under-
went laparotomy at the Emergency Medical Center, Masan
Samsung Hospital from January 2000 to December 2005.
Medical records were reviewed for the following parameters:
demographic data, mechanism of injury, accident to surgical
operation time, initial systolic blood pressure (SBP), initial
heart rate, initial base deficit, initial amylase, initial Glasgow
Coma Scale (GCS), revised trauma score (RTS), number of
abbreviated injury scales (AIS), injury severity score (ISS),
number of associated injuries (head, colon, stomach, small
bowel, abdominal vessel, etc.), grade of pancreatic injury,
method of surgical operation, amount of blood transfusion,
mortality, morbidity, and others. Pancreatic injuries were
graded according to the pancreatic organ injury scale pro-
posed by the Organ Injury Scaling Committee of the Amer-
ican Association for the Surgery of Trauma (AAST), as shown
in Table 1 (6). For the purpose of data analysis, postoperative
morbidity was subdivided into three groups, i.e., pancreatic
complications, non-pancreatic abdominal complications, and
intensive care unit (ICU) complications. Pancreatic compli-
cations included pancreatic fistula, pseudocyst, and pancre-
atitis. Abdominal complications included intra-abdominal
abscess, enterocutaneous fistulas, and wound infections. ICU
complications included acute respiratory distress syndrome,
pneumonia, renal failure, and multiple organ failure.
Data were analyzed using SPSS (SPSS 11.5 version, SPSS
Inc., Chicago, IL, U.S.A.) and MedCalc (MedCalc 7.2 version,
MedCalc Inc., Mariakerke, Belgium). A univariate analysis
was performed using the Student’s t test or by one-way analy-
sis of variance for continuous variables, or by using the  2
test for categorical variables. Using receiver operating charac-
teristic curve analysis, the cut-off point that best divided each
significant continuous or polychotomous variable into two
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Prognostic Determinants in Patients with Traumatic Pancreatic Injuries
The aim of this study was to identify factors that predict morbidity and mortality in
patients with traumatic pancreatic injuries. A retrospective review was performed
on 75 consecutive patients with traumatic pancreatic injuries admitted to the Emer-
gency Medical Center at Masan Samsung Hospital and subsequently underwent
laparotomy during the period January 2000 to December 2005. Overall mortality
and morbidity rates were 13.3% and 49.3%, respectively. A multivariate regression
analysis revealed that greater than 12 blood transfusions and an initial base deficit
of less than -11 mM/L were the most important predictors of mortality (p<0.05). On
the other hand, the most important predictors of morbidity were surgical complexi-
ty and an initial base deficit of less than -5.8 mM/L (p<0.01). These data suggests
that early efforts to prevent shock and rapidly control of bleeding are most likely to
improve the outcome in patients with traumatic pancreatic injuries. The severity of
pancreatic injury per se influenced only morbidity.
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subgroups was determined to minimize false negative and
false positive results. This variable was transformed into a
dichotomous variable based on the cut-off point. All vari-
ables found to be significant by the univariate analysis were
then analyzed by a multivariate logistic regression analysis.
Statistical significance was accepted at the p<0.05 level.
RESULTS
The demographic data revealed a male predominance (72.0
%) and a young age (37.9±15.8). Blunt trauma was the
predominant mechanism of injury and accounted for 92.0%
of injuries. Traffic accident wounds were the most common
injuries and accounted for 65.3%, fall-down wounds account-
ed for 14.7%, and compression wounds for 4.0%. The remain-
ing patients (8.0%) suffered from stab injury. Mechanisms of
injury were not associated with mortality or morbidity by
univariate analysis (Table 2).
The most frequent site of pancreatic injury was the head
(including neck) in 21 patients (28.0%). Both pancreatic
body and tail were injured equally in 18 cases (24.0%). Mul-
tiple sites were injured in 18 patients (24.0%). Sites of pan-
creatic injury were not found to be associated with mortality
or morbidity by univariate analysis.
Grade 2 pancreatic injuries were most frequent and account-
ed for 42.7%. Grade 3 accounted for 36.0%, grade 4 for
10.7%, grade 1 for 8.0%, and grade 5 for 2.7% of patients,
and higher grades of pancreatic injury were associated with
poorer outcomes (p<0.05, Table 3). Based on only main pan-
Grade* Injury description
�
1 Hematoma Minor contusion without duct injury
Laceration Superficial laceration without duct injury
2 Hematoma Major contusion without duct injury or tissue loss
Laceration Major laceration without duct injury or tissue loss
3 Laceration Distal transection or parenchymal injury with
duct injury
4 Laceration Proximal (to right of superior mesenteric vein)
transection or parenchymal injury
5 Laceration Massive disruption of pancreatic head
Table 1. Pancreatic organ injury scale by the American Associ-
ation for the Surgery of Trauma
*Advance one grade for multiple injuries to the same organ; 
� based on
most accurate assessment at autopsy, laparotomy, or radiologic study
from J Trauma 30: 1427, 1990.
Number
Mortality
(%)
Morbidity
(%)
Mechanism
Blunt
Traffic accident 49 16.3 49.0
Fall down 11 9.1 45.5
Human trauma 6 16.7 50.0
Compression 3 0.0 100.0
Subtotal 69 14.5 50.7
Penetrating
Stab 6 0.0 33.3
Total 75 13.3* 49.3
�
Transfusion amount (pints)
0-5 49 0.0 40.8
6-10 15 13.3 73.3
11-15 5 40.0 60.0
>16 6 100.0 50.0
Total 75 13.3
� 49.3
�
Table 2. Outcomes by mechanism of injury and transfusion re-
quirement
Data are expressed as numbers or percentiles.
*,� ,�Non-significant. 
� p< 0.001.
Operation method
Grade
1 2 3 4 5 Total (T*/B
� )
Simple
Drainge 5 (0.0/40.0) 17 (11.8/5.9) 9 (0.0/44.4) 0 0  31 (6.5/22.6)
Primary repair 1 (0.0/0.0) 12 (8.3/66.7) 3 (33.3/66.7) 1 (100.0/0.0) 0 17 (17.6/58.8)
Subtotal 6 (0.0/33.3) 29 (10.3/31.0) 12 (8.3/50.0) 1 (100.0/0.0) 0 48 (10.4/35.4)
Complex
DP 0 0 2 (0.0/50.0) 0 0 2 (0.0/50.0)
DPS 0 1 (0.0/0.0) 13 (15.4/76.9) 4 (25.0/75.0) 0 18 (16.7/72.2)
RID 0 0 0 2 (0.0/100.0) 1 (100.0/100.0) 3 (33.3/100.0)
Pyloric exclusion 0 2 (0.0/100.0) 0 1 (100.0/0.0) 0 3 (33.3/66.7)
PD 0 0 0 0 1 (0.0/100.0) 1 (0.0/100.0)
Subtotal 0 3 (0.0/66.7) 15 (13.3/73.3) 7 (28.6/71.4) 2 (50.0/100.0) 27 (18.5/74.1)
Total (T
� /B
�) 6 (0.0/33.3) 32 (9.4/34.4) 27 (11.1/63.0) 8 (37.5/62.5) 2 (50.0/100.0) 75 (13.3/49.3)
Table 3. Outcomes by grade and operation method of pancreatic injury
Data are expressed as frequencies or percentiles. Numbers in parentheses indicate mortality/morbidity. 
2 test for trend to compare grade and opera-
tion method of pancreatic injury reveals significant (p<0.01).
*Non-significant; 
� p<0.01; 
� ,�p<0.05; 
� ,�analyzed by 
2 test for trend.
T, mortality; B, morbidity; DP, distal pancreatectomy; DPS, distal pancreatectomy with splenectomy; RID, resection with internal drainage; PD, pan-
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creatic duct status, grades of pancreatic injury were divided
into two groups: injury grades 1 and 2 were allocated to
group 1, and grades 3 to 5 to group 2. The mortality rates
of these two groups were 7.9% and 18.9%, respectively,
which were not significantly different, but morbidity rates
in these two groups were 34.2% and 64.9%, respectively,
and these were significantly different (p=0.008). Another
grouping was performed based on both site and ductal sta-
tus of injured pancreas. One of these groups included injury
grades 1 to 3, and the other grades 4 and 5. Mortality rates
in these two groups were 9.2% and 40.0%, respectively, and
these were significantly different (p=0.008). However, mor-
bidity rates in these two groups were 46.2% and 70.0%,
respectively, which were not significantly different.
Simple surgical operations such as drainage and primary
repair were performed more often for pancreatic injuries than
more complex surgical operations, such as pancreatectomy,
resection with internal drainage, pyloric exclusion, and pan-
creaticoduodenectomy. Forty-eight patients (64.0%) under-
went drainage and primary repair, and 20 patients (26.7%)
underwent distal pancreatectomy. Of the remaining seven
patients, resection with internal drainage or pyloric exclu-
sion was performed equally, i.e., both in 4.0% of patients.
Pancreaticoduodenectomy was performed only in one patient,
and this patient survived. The majority (72.9%) of patients
who had undergone simple surgical operations had a low
grade (1 or 2) pancreatic injury, and 88.9% of patients who
had undergone complex surgical operations had a high grade
(3 to 5). The method of initial surgical management was
found to be associated with the grade of pancreatic injury
(p<0.001), but the correlation was not strong (r=0.566, p<
0.001). There was no association between the surgical method
and mortality, but there was an association with morbidity
(p<0.01, Table 3). 
Associated injuries were common, with a mean of 3.7±2.1
organs injured, ranging from isolated pancreatic wounds to
nine organs injured. The liver was the most commonly injur-
ed organ, seen in 36% of patients. Other commonly injured
organs included spleen (33.3%), bone (32.0%), genitouri-
nary organ (30.7%), small bowel (24.0%), and duodenum
(21.3%). Associated major abdominal venous injuries were
observed in 16% of patients (Table 4). The superior mesen-
teric veins, portal vein, and inferior vena cava accounted for
most of these injuries.
Blood transfusions were frequently required in the 62 pati-
ents (82.7%). Only 13 patients (17.3%) did not require a
blood transfusion. Thirty-six patients (48.0%) required five
or less units of packed red blood cells, and the others (34.7%)
required six or more units of packed red blood cells; sixteen
or more units of packed red blood cells were required in 8%
of patients (Table 2). Higher blood transfusion quantities
were related to higher mortality rates (p<0.001).
The mean base deficit was -7.0±5.4 mM/L in all patients,
and mean base deficits in patients who survived or succumb-
ed were -5.8±4.3 mM/L and -15.3±4.4 mM/L, respective-
ly, and the mean base deficits of patients with or without a
complication were -8.4±5.3 mM/L or -5.7±5.2 mM/L,
respectively. Mean base deficits of patients who survived or
did not have a complication were higher than those who died
or had a complication, respectively (p<0.05).
Mean ISS in all patients was 27.2±15.1, and mean ISS
in patients who succumbed (50.8±15.7) was higher than
in patients who survived (23.6±11.3, p<0.001), and mean
ISS in patients with one or more complications (31.8±13.3)
was higher than in patients without a complication (22.7±
15.5, p<0.01).
The overall mortality rate in our patient population was
13.3%. Thirty-eight independent factors were evaluated for
an association with mortality. Of these, twelve were revealed
to be significantly associated with mortality by univariate
analysis (Table 5). These factors were a blood transfusion of
>12 units, a base deficit of ≤-11.0 mM/L, GCS <13, RTS
Number Associated injury
Mortality
(%)
Morbidity
(%)
Head 8 12.5 50.0
Colon 15 26.7 73.3
Stomach 7 14.3 85.7
Small bowel 18 22.2 44.4
Abdominal artery 7 14.3 57.1
Abdominal vein 12 41.7 50.0
Fracture 24 20.8 50.0
Duodenum 16 25.0 37.5
Genito-urinary 23 17.4 60.9
Spleen 25 8.0 60.0
Liver 27 14.8 37.0
Diaphragm 3 0.0 100.0
Thoracic 30 23.3 60.0
Total 75 13.3 49.3
Table 4. Outcomes by associated injury
Data are expressed as numbers or percentiles.
Risk factor Died/total (%) p value 2
Transfusion* >12 units 8/9 (88.9) 50.5 0.000
BD ≤-11.0 mM/L 9/14 (64.3) 38.7 0.000
GCS <13 10/21 (47.6) 29.7 0.000
RTS ≤6.2 9/19 (47.4) 25.5 0.000
Number of high AIS
�>3 10/26 (38.5) 21.7 0.000
Initial SBP <90 mmHg 9/31 (29.0) 11.3 0.001
ISS >26 10/39 (25.6) 10.7 0.001
Number of associated injuries >3 10/40 (25.0) 10.1 0.001
Abdominal venous injury (+) 5/12 (41.7) 9.9 0.002
Grade of injury >3 4/10 (40.0) 7.1 0.008
Age >54 yr 4/12 (33.3) 4.9 0.026
Thoracic injury (+) 7/30 (23.3) 4.3 0.038
Table 5. Univariate analyses of factors associated with mortality
*Blood transfusion only; 
� number of all AIS more than three (4 or 5) .
BD, base deficit; GCS, Glasgow coma scale; RTS, revised trauma score;
AIS, abbreviated injury scale; SBP, systolic blood pressure; ISS, injury
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≤6.2, four or more number with high AIS (4 or 5) , an ini-
tial SBP of <90 mmHg, an ISS of >26, four or more associ-
ated injuries, abdominal venous injury, high grade pancre-
atic injury, old age, and thoracic injury. Multivariate analy-
sis revealed that a blood transfusion of >12 units and a base
deficit of ≤-11.0 mM/L were most significantly correlated
with mortality (Table 6).
The overall morbidity rate of the 75 patients was 49.3%.
Fourteen patients (18.7%) had a pancreatic complication,
and intra-abdominal and ICU complications both account-
ed for 18 patients (24.0%). Univariate analysis revealed that
eight factors were significantly associated with morbidity,
namely, an ISS of >26, a base deficit of ≤-5.8 mM/L, four
or more number with high AIS (4 or 5), surgical complexity,
high-grade pancreatic injury, four or more associated injuries,
colon injury, and stomach injury (Table 7). However, multi-
variate analysis revealed that a base deficit of ≤-5.8 mM/L
and surgical complexity were most significantly correlated
with morbidity (Table 8).
DISCUSSION
Although the pancreas remains one of the least frequently
injured organs in cases of abdominal trauma, its location and
the fact that it is surrounded by vital structures means that
pancreatic injuries often present complicated diagnostic and
treatment problems. Frequencies of pancreatic injuries are
related to the geographic settings of the traumatic incidents
(i.e., urban or rural). In the U.S.A., penetrating trauma acco-
unts for 70% of all pancreatic injuries, and blunt trauma
accounts for the remaining 30% (3, 7, 8). However, in our
series, 92% of all pancreatic injuries were caused by blunt
trauma and the remaining 8% by penetrating trauma. The
mechanism of wounding in cases of penetrating trauma is
simple violation by a sharp object (i.e., a knife blade). How-
ever, the kinematics are considerably more complex for blunt
injury. The pancreas has a relatively fixed retroperitoneal posi-
tion anterior to the spine, and thus, forcible compression of
the pancreas against the vertebral column resulting from
blunt trauma is the most common mechanism of blunt pan-
creatic injury.
By multivariate analysis, the grade of pancreatic injury was
not associated with morbidity or mortality in our patient
population. Generally, the status of the main pancreatic duct
is an important predictor of outcome, and knowledge of its
status is essential for establishing a basis for treatment deci-
sions in cases of pancreatic injury (1-3, 8-10). Bradley et al.
(9) reported a significant association between main pancre-
atic ductal injury and an increased incidence of pancreas-relat-
ed complications, particularly, with an increased incidence
of pancreatic fistula. Kao et al. (1) reported that the grade of
pancreatic injury was an independent predictor of both pan-
creatic complications and mortality. However, their study did
not include the important factors of the patients’ outcome,
such as, amount of blood transfusion, base deficit, GCS, and
RTS. In this study, univariate analysis revealed these param-
eters were strong significant predictors of mortality. In the
present study, grade 1 and 2 pancreatic injuries (no ductal
injuries) were usually treated by closed drainage with or with-
out local debridement and pancreatorrhaphy, which is the
most commonly adopted procedure, and this approach prov-
ed to be safe and effective (11, 12). Fabian et al. (11) report-
ed on the superiority of closed-suction drainage for the treat-
ment of pancreatic trauma in a randomized prospective study,
and we also prefer and widely use this modality. Grade 3
injuries in the present series were treated commonly by dis-
tal pancreatectomy. The integrity of the pancreatic duct has
been suggested to be an important factor for determining
the method of treatment (13), whereas for grade 4 injuries,
multiple procedures, such as closed suction drainage and dis-
tal resection, could be selected, depending on the clinical con-
dition. Moreover, when resecting more than 80% of pancre-
Risk facor
Complications/
total (%)
p value 2
ISS > 26 28/39 (71.8) 16.4 0.000
BD ≤-5.8 mM/L 28/40 (70.0) 14.6 0.000
Number of high AIS* >3 20/26 (76.9) 12.1 0.000
Complex operation
� 20/27 (74.1) 10.3 0.001
Grade of injury > 2 24/37 (64.9) 7.0 0.008
Number of associated injuries > 3 25/40 (62.5) 5.9 0.015
Colon injury (+) 11/15 (73.3) 4.3 0.038
Stomach injury (+) 6/7 (85.7) 4.1 0.043
Table 7. Univariate analyses of factors associated with morbidity
*Number of all AIS more than three (4 or 5); 
� included distal pancreate-
ctomy with or without splenectomy, resection with internal drainage,
pyloric exclusion, and pancreaticoduodenectomy, but excluded drainage
and primary repair.
ISS, injury severity score; BD, base deficit; AIS, abbreviated injury scale.
Factor
Coeffi-
cient
Odds ratio (95% confi-
dence interval)
p value
Base deficit ≤-5.8 mM/L 1.900 6.7 (2.1-20.9) 0.001
Complex operation* 1.799 6.0 (1.8-19.9) 0.003
Stomach injury (+) 2.102 8.2 (0.8-86.0) 0.080
Table 8. Multivariate analysis of factors associated with morbidity
*Included distal pancreatectomy with or without splenectomy, resection
with internal drainage, pyloric exclusion, and pancreaticoduodenecto-
my, but excluded drainage and primary repair.
Factor
Coeffi-
cient
Odds ratio (95% confi-
dence interval)
p value
Blood transfusion >12 pints 4.155 63.8 (3.4-1190.8) 0.005
Base deficit ≤ -11 mM/L 3.390 29.7 (2.0-437.8) 0.014
Table 6. Multivariate analysis of factors associated with mortality130 S.Y. Hwang, Y.C. Choi
atic parenchyma with associated diabetes mellitus, one should
consider preservation of the distal pancreas and internal drai-
nage by Roux-en-Y jejunal anastomosis. Pyloric exclusion
has been suggested as a valuable means of treating severe
duodenal injuries, and of reducing the postoperative leakage
rate, and pyloric exclusion has also been considered as a viable
option for grade 4-5 pancreatic injuries associated with duo-
denal injuries (14). Grade 5 injuries characterized by massive
devascularization of the pancreatic head and adjacent duo-
denum are infrequent and usually require pancreaticoduo-
denectomy. As mentioned above, the selection of the surgi-
cal method depends primarily on the grade of pancreatic
injury. However, other clinical conditions such as the site of
the pancreatic injury, the characteristics and severity of the
associated injuries, and the physiological status of the patient
can also affect the decision. Therefore, the surgical method
appears to better reflect the general pathophysiological con-
dition of the patient than the grade of pancreatic injury. This
explains why univariate analysis revealed both the grade of
pancreatic injury and the surgical complexity were associat-
ed with morbidity. However, multivariate analysis revealed
only the surgical complexity was a better predictor for mor-
bidity.
In the present study, associated injuries were very common,
with a mean of 3.7±2.1 organs injured per patient. The liver
was most frequently injured, and this was observed in 36%
of our patients, which is consistent with the findings of other
authors (2-5). Moreover, associated major abdominal venous
injuries were found to correlate with mortality by univariate
analysis, but were not found to significantly predict mortal-
ity by multivariate analysis. Likewise, associated colon and
stomach injuries were found to correlate with increased mor-
bidity by univariate analysis, but this relation was not sub-
stantiated by multivariate analysis.
Base deficit has been shown to be an excellent predictor
of transfusion requirement, shock-related complications, and
mortality (15, 16). As base deficit reduced, both mortality
and morbidity increased in our study, whereas transfusion
requirement was associated with mortality only. The present
report is the first to show that base deficit and transfusion
requirement are predictors of mortality in patients with a
traumatic pancreatic injury. This finding demonstrates that
not only is the physiologic presentation of a patient impor-
tant, but that efforts to rapidly control ongoing hemorrhage
may also significantly improve the patient outcome.
Although the small number of subjects limits our conclu-
sions, the data suggest that early efforts to prevent shock
and rapidly control of bleeding are most likely to reduce the
mortality rates in patients with a traumatic pancreatic injury.
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